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Summary  
Objective: This study was undertaken in order to examine phenotypic modulation of the chondrocytes more closely 
in high-density culture conditions and to clarify the role of ascorbate. Levels of five collagen types were analyzed 
qualitatively and quantitatively, and their distribution was observed in the cell layer and the culture medium. 
Design: Types I, II, III, IX and XI collagens, synthesized by fetal bovine chondrocytes in high-density culture, were 
analyzed qualitatively and quantitatively by direct measurement of radiolabeled collagens eparated by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and by specific radioimmunoassays. 
Results: Under the experimental conditions used in this study (0.6× 106 cells/cm2), chondrocytes did not proliferate 
in the absence of ascorbate, whereas a twofold increase in cell number was observed in the presence of ascorbate at 
day 14. Cartilage-specific collagens (types II, IX and XI) were synthesized throughout the culture period (up to 47 days), 
as was type III collagen, which appeared as early as day I and was essentially present in the culture medium. Partial 
dedifferentiation of chondrocytes was demonstrated by the synthesis of type I collagen, which was detected by day 
2 in culture medium containing ascorbate, and by day 6 without ascorbate. After 33 days of culture, a threefold increase 
in type I collagen synthesis was observed in culture medium with ascorbate, reaching 66% of the type II collagen 
content of the cell layer. One month of culture marked the onset of a progressive decrease in the synthesis of all 
collagen types. 
Conclusions: Under these high-density culture conditions, fetal bovine chondrocytes undergo a time and 
ascorbate-dependent program of partial dedifferentiation. This system provides a simple model for studying the initial 
mechanisms of chondrocyte dedifferentiation. 
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Introduct ion 
DIFFERENTIATED chondrocytes  of ar t icu lar  carti-  
lage are character ized by the product ion of typical  
extrace l lu lar  matr ix  components  [1-3]. The ex- 
pression of cart i lage-speci f ic  col lagens (types II, 
IX, XI and X) in vivo is str ict ly  contro l led under  
normal  condit ions,  but  the synthesis of co l lagen is 
a l tered in patho log ica l  s i tuat ions such as osteoar-  
thrit is,  with types I, I I I  and X col lagens appear ing  
in the cart i lage [4-7]. Ar t i cu lar  c~ondrocytes  have  
been grown in vitro, under  var ious condit ions,  to 
study the mechan isms involved in the phenotype  
modulat ion.  The expression of cart i lage-speci f ic  
col lagens are inf luenced by dif ferent cu l ture 
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condit ions,  inc luding mono layer  cul tures [8, 9], 
h igh-density cul tures [10-16], suspens ion cu l tures  
[17, 18], embedding in a col lagen, agarose  or 
a lg inate gel [19-22] and cul tures in three-dimen- 
sional,  b iodegradable  scaffolds [23-25]. Express ion  
can also be changed by the presence of agents  
capable  of inf luencing matr ix  metabol ism,  such as 
growth factors [1, 3], ret ino ic  acid [15, 16, 26-29] 
and ascorbic  acid [12, 14, 30-33]. 
Ascorbate  plays a specif ic role in both co l lagen 
synthesis  and process ing in a var ie ty  of cells 
[34---36]. Under  scorbut ic  cu l ture condit ions,  colla- 
gens are synthesized as under -hydroxy la ted  forms. 
After  addit ion of ascorbate,  pro l ine and lysine 
hydroxy lat ion  of the col lagens molecules occurs,  
a l lowing them to acquire a stable hel ical  conf igur-  
at ion, and to be normal ly  t rans located,  secreted 
and assoc iated in a type-specif ic supramolecu lar  
assembly.  Several  studies have  shown that  ascor-  
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bate can stimulate the formation of an extracellu- 
lar matrix by articular chondrocytes in culture and 
alter their phenotypic expression, as evidenced by 
the progressive production over time of high levels 
of type I collagen mRNA and protein [12, 14]. In 
chick sternal prehypertrophic chondrocytes, ascor- 
bate induced gradual increases in alkaline phos- 
phatase activity and type X collagen mRNA 
content [31, 32]. The induction of chondrocyte 
hypertrophy by ascorbate was shown to be 
independent of its role in collagen secretion [33]. 
In a previous study, immunochemistry and 
rotary shadowing was used to determine the 
composition and organization of the collagen 
network produced by fetal bovine chondrocytes in
long-term culture at high density [13]. In order to 
examine phenotypic modulation of the chondro- 
cytes more closely under long-term, high-density 
culture conditions, and to clarify the role of 
ascorbate, levels of five collagen types were 
analyzed qualitatively and quantitatively, and 
their distribution was observed in the cell layer 
and the culture medium. Two approaches were 
used with various culture periods: (1) direct 
quantimetry of radiolabeled collagens (after a 24-h 
labeling period) to determine the relative synthesis 
of types I, II, III, IX and XI collagens, and (2) 
specific radioimmunoassays to measure the absol- 
ute amounts of types I, II and XI collagens 
accumulated in the matrix or secreted into the 
medium. 
It was demonstrated that the chondrocytes are 
partially dedifferentiated in a time and ascorbate- 
dependent manner similar to that which occurs in 
pathological situations such as osteoarthritis. 
first 24h, 10pg/ml between 24 and 48h and 
25 pg/ml >48 h. It was added either during the 
whole course of the culture or only during the 24 h 
of labeling with [14C]-proline. Radiolabeled colla- 
gens were separated by sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) 
and quantified by direct quantimetry. In the 
second set of experiments 25 ~g/ml ascorbic acid 
were added to the medium every 3 days between 
day 8 and day 47 and the concentrations of 
collagens were measured by radioimmunoassay. 
The DNA content was measured by the 
fluorimetric method of Lipman [37]. 
CELL METABOLIC LABEL ING AND PROTEIN  ANALYS IS  
Protein and collagen synthesis was measured by 
labeling the culture with 100 ~Ci per flask of 
2,3-[~H]-proline (38.1 Ci/mmol, NEN) or 8 ~Ci per 
flask of [14C]-proline (290 mCi/mmol, NEN) for 24 h 
in the presence or absence of ascorbic acid. Under 
these standard labeling conditions, with an excess 
of labeled proline, less than 25% of the total 
radioactivity was incorporated into proteins after 
24 h. The media were dialyzed exhaustively, and 
the washed cell layers were collected and 
submitted separately to limited pepsin digestion, 
as described previously [15]. The synthesis of total 
proteins was determined by measuring the radioac- 
tivity of the dialyzed and ethanol-precipitated 
proteins before pepsinization. The pepsin-resistant 
proteins were salt precipitated and counted. This 
fraction was demonstrated to be composed essen- 
tially of collagen (>90%) by measure of the 
radioactivity remaining after collagenase diges- 
tion. 
Mater ia l s  and  Methods  
ORIGIN OF CELLS AND CULTURE CONDIT IONS 
Chondrocytes were isolated from the cartilage of 
the tibiofemoral joint of 3-4-month-old bovine 
fetuses after removal of the superficial ayer and 
enzymatic digestion, as described previously 
[13, 15, 16]. The cells were seeded at a density of 
0.6×106/cm 2 and grown in 25-cm 2 closed flasks at 
37°C in RPMI/NCTC (v/v) medium (Seromed/ 
Sigma) supplemented with 10% fetal calf serum 
(FCS), penicillin (50 U/ml), streptomycin (50 ~tg/ml) 
and amphotericin B (1 ng/ml). The medium (1 ml/ 
3 × 10 ~ cells) was changed every day for the first 2 
days  and every 3 days thereafter. 
In the first set of experiments, because the 
addition of high doses of ascorbic acid during the 
first days of culture was toxic to the cells, ascorbic 
acid was added to the medium at 8 ~g/ml for the 
COLLAGEN ANALYS IS  US ING SDS-PAGE 
Known volumes of pepsin-digested samples, each 
containing 60000 dpm, were analyzed by SDS- 
PAGE in a 6.5% separating el under nonreducing 
conditions. The bands corresponding to types I, II, 
IX and XI collagens were visualized by fluorogra- 
phy, and their relative proportions were quantified 
densitometrically on the fluorographs with a 
Personal Densitometer (Molecular Dynamics) or 
by direct determination of radioactivity with the 
RadioImager Ambis (B. Braun ScienceTec), as 
described previously [15]. In order to confirm the 
identity of collagen bands, samples in one set of 
experiments were treated with 2U purified clostrid- 
iopeptidase A (bacterial collagenase, form III, 
Advance Biofactures Corporation) and subjected 
to electrophoresis as described above. In other 
experiments, the exact nature of the chains was 
determined by immunoblot analysis using 
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rabbit Jo~ p  yclonal antibodies which react against 
bovine pepsinized types I, II, III and XI collagens 
as described previously [4]. 
It was assumed that the difference in the 
radiolabel content of the material at the top of the 
gel before and after reduction corresponded to the 
amount of type III present in that sample [15]. Type 
IX collagen was detected by the presence of its 
COL2-NC3-COL3 and/or COL 2 domains, corre- 
sponding to the two 'high molecular weight' 
(HMW) bands [38]. 
ascorbate-treated cells changed more rapidly, and 
they showed extensive accumulation of pericellu- 
lar matrix [Fig. l(f),(h)]. 
In high-density cultures, the DNA content did 
not vary significantly in the absence of ascorbate 
with 175 _+ 6.3 and 186 + 33 ~g of DNA per flask, 
respectively, on days 1 and 33 of culture. The 
presence of ascorbate throughout he culture 
period induced a statistically significant increase 
in the DNA content, from 175.5 i 20 pg on day 1 to 
365.9 _+ 27 ~g on day 14 (P < 0.001). 
ANALYSIS OF COLLAGENS BY RADIOIMMUNOASSAY 
In a separate set of experiments, the concen- 
trations of types I, II and XI collagens were 
measured in the culture media and cell layers by 
liquid-phase radioimmunoassay with 125I-labeled 
antigens, in the standard inhibition assay de- 
scribed by Hartmann et al. [39], using polyclonal 
rabbit antibodies against bovine pepsinized types I, 
II and XI collagens [38, 40]. Briefly, for each 
collagen type, 0.1 ml of a dilution of antiserum 
capable of binding 50% of the 12~I-labeled collagen 
was incubated at neutral pH with 0.1 ml of diluted, 
unlabeled, standard collagen or with 0.1ml 
pepsinized cell-culture medium or cell-layer ex- 
tract. After incubation for 24h at 4°C, the 
125I-labeled collagen was added. After a second 
incubation at 4°C for 24 h, 0.1 ml goat anti-rabbit 
IgG and lml  of 15g/1 polyethylene glycol in 
phosphate buffered saline (PBS) were added, 
followed by an incubation for 30 min at room 
temperature~ Radioactivity was measured in the 
precipitate collected by centrifugation at 5000g 
for 30rain. Nonspecific binding (<3%) was 
measured by replacing the specific antiserum with 
normal rabbit serum and was taken into account in 
the calculations. The results were expressed as 
nanograms per flask of the corresponding standard 
collagen. 
Resu l ts  
MORPHOLOGY AND CELL PROLIFERATION 
When chondrocytes i olated~rom bovine fetal 
articular cartilage were cultured at high density 
(0.6x10 ~ cells/cm2), they rapidly adhered and 
formed a confluent layer. Within the first 2 weeks 
of culture in the absence of ascorbate, the cells 
displayed a characteristic polygonal or round 
morphology, and were surrounded by a refractile 
matrix [Fig. l(a),(c),(e)]. With longer culture 
periods, the cells appeared to lose the round 
morphology [Fig. l(g)]. The morphology of the 
RATES OF TOTAL AND PEPS IN-RES ISTANT PROTEIN  
SYNTHESIS 
Variations in the synthesis of total proteins and 
pepsin-resistant fraction (which characterizes the 
collagen) were measured between the whole 
chondrocyte culture, the cell layer and the medium 
(Fig. 2). In cultures without ascorbate [Fig. 
Days Asc (-) 
IIm 
Asc (+) 
IU  i 
121g 
jmm 22 I 
50 ~tm 
FIG. 1. Phase-contrast micrography of chondrocytes after 
2, 5, 12 and 22 days of culture in the absence (-) or 
presence (+) of ascorbate added continuously during 
culture. Note accumulation f extracellular matrix with 
time, especially after addition of ascorbate. 
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FIG. 2. Effects of ascorbate on total and pepsin-resistant proteins ynthesized (24-h labeling) in whole culture, cell layer 
and culture medium of chondrocytes grown for 22 days. Cells were cultured either without ascorbate [(a),(d),(g)] or 
with ascorbate added during labeling [(b),(e),(h)] or throughout culture [(c),(f),(i)]. Levels were measured in the whole 
culture [(a)-(c)], the cell layer [(d)-(f)] and the culture medium [(g)-(i)]. Cells were incubated with [14C]-proline for 24 h 
in the presence or absence of ascorbate, and then media and washed cell layers were harvested. Total radioactive 
proteins were quantified in samples of cell layer and, after dialysis and ethanol precipitation, in the culture medium. 
Radiolabeled pepsin-resistant materials in the cell layer and culture medium were quantified after pepsin digestion 
and salt precipitation. At each time, the content of DNA was measured to take into account variations in cell number. 
The results are means ± S.D. of five separate xperiments for cultures without ascorbate and those with ascorbate 
during labeling, and of two separate xperiments in the case of ascorbate supplementation throughout culture. ([~) 
Total proteins; (~) pepsin-resistant. 
2(a),(d),(g)], in cul tures to which ascorbate was 
added dur ing the 24-h label ing t ime [Fig. 
2(b),(e),(h)] and in cul tures to which ascorbate was 
added cont inuous ly  [Fig. 2(c),(f),(i)], protein syn- 
thesis was maximal  on day 2 and decreased rapid ly 
on day 6. I t  remained at a p lateau thereaf ter  in the 
absence of ascorbate [Fig. 2(a)] or decreased slowly 
in its presence [Fig. 2(b),(c)]. The levels of synthesis 
of total  proteins and part icu lar ly  of pepsin-resist- 
ant  proteins were, however,  h igher  in the presence 
of ascorbate [Fig. 2(b),(c)] than  in its absence [Fig. 
2(a)]. 
The peps in-res istant  fract ion, represent ing  
approx imate ly  20-30% of tota l  prote ins synthesis  
in the absence of ascorbate  [Fig. 2(a)], increased to 
reach a max imum of 60-70% of tota l  prote in  after  
13 and 22 days of cu l ture with ascorbate  added 
throughout  cul ture per iod [Fig. 2(c)]. 
Most  of the rad ioact iv i ty  of the neosynthes ized 
proteins was present  in the cell layer [Fig. 2(d)-(f)]. 
In the absence of ascorbate,  50-70% of the prote ins 
were found in the cell layer  [Fig. 2(d)], and this 
amount  increased with ascorbate  to reach 80% for 
the pepsin-res istant  f ract ion  [Fig. 2(e),(f)]. 
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ANALYS IS  OF  COLLAGEN PHENOTYPE BY  SDS-PAGE 
The variations over time in the synthesis of 
the different collagen types in culture sup- 
plemented continuously with ascorbic acid were 
examined by SDS-PAGE of radiolabeled pepsin- 
resistafft proteins in the medium and cell layer 
(Fig. 3). The collagenous nature of the bands 
obtained after pepsin digestion was confirmed 
by their complete digestion when incubated 
with purified bacterial collagenase (data not 
shown). 
In the absence of ascorbate, type II collagen was 
synthesized in both the cell layer and the culture 
medium. Types IX and XI collagens were detected 
mainly in the cell layer. Type III collagen was 
detected after 1 day of culture, as indicated by the 
presence of a reducible, high-molecular-mass 
component that migrated similarly to the ~1 (I) 
chain after reduction and characterized by West- 
ern blotting using specific antibodies (not shown); 
it was much more abundant in the culture medium 
than in the cell layer. Type I collagen, character- 
ized by its ~2 (I) band, was detectable in the cell 
layer and the culture medium after 1 week of 
culture. 
Addition of ascorbate to the culture resulted in 
earlier expression of type I collagen in the culture 
medium (on day 2). 
Furthermore there was no obvious 'hypertrophy' 
of the cells, as hown by the absence of the 46-kDa 
chain characteristic of the pepsin-treated type X 
bovine collagen molecule [41]. 
In order to determine the relative rates of 
synthesis of the different collagens, we submitted 
the gels to direct autoradiography (Fig. 3), and 
corrected the results for the molecular composition 
of the collagens [15]. The results are given in Fig. 
4, on a logarithmic scale in order to allow 
presentation of the results for all of the collagens 
on the same graph. 
In the absence of ascorbate, a mean 150% rise in 
the synthesis of types II and XI collagens was 
measured in the cell layer after 2 days of culture, 
followed by a mean 70% decrease [Fig. 4(a)]. A 
regular decrease over time was seen for type IX 
collagen, whereas the level of type III in the cell 
layer remained constant [Fig. 4(a)]. Type I collagen 
synthesis was detected from day 6, essentially in the 
cell layer and at a level similar to that of type II 
collagen [Fig. 4(a)]. The percentages of collagens II, 
XI, IX, III and I in the cell layer in the absence of 
ascorbate were 76, 19, 3, 1 and 0% on day I and 45, 
20, 2, 4 and 29% on day 13, respectively, showing 
that type II is still the main collagen synthesized 
during this period. , 
Although ascorbate increased the synthesis of
collagens in the cell layer throughout the culture 
period, the relative proportions of types II, III, IX 
and XI collagens were generally unchanged at 
each time point in culture [Fig. 4(b)]. The main 
effect of ascorbate was to advance the expression 
of type I collagen in the culture medium to day 2 
[Fig. 4(d)] and to increase it dramatically on day 13 
in both the culture medium and the cell layer (by 
10- to 20-fold, respectively). 
Cell layer 
Asc (-) Asc (+) 
[c~. 
HM 
a3(XI), 
Days  of  cu l tu re  1 2 6 13 1 2 6 13 
Culture medium 
Asc (-) Asc (+) 
::Ill 
• 2 : 
1 2 6 13 1 2 6 13 
FIG. 3. Fluorographs ofl~C-labeled pepsin-digested proteins from chondrocytes cultured for 1, 2, 6 and 13 days without 
(-) and with (+) ascorbate added throughout culture and separated on SDS-PAGE. lgC-Labeled proteins were recovered 
from the cell layer and the culture medium by ammonium sulfate precipitation. Samples containing identical amounts 
of radiolabeled material were run without reduction on 6.5% acrylamide gel. 
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FIG. 4. Direct quantification of radioactivity in collagen bands of autoradiograms shown in Fig. 3. The relative 
proportions of the different collagens were calculated as described in Materials and Methods, and the amounts 
expressed as counts per minute per microgram of DNA in the cell layer [(a),(b)] and culture medium [(c),(d)], in the 
absence [Asc (-); (a),(c)] or presence [Asc (+); (b),(d)] of ascorbate. 
QUANTIFICATION OF TYPES I, I I  AND XI COLLAGEN BY 
RADIOIMMUNOASSAY 
In this experiment,  25 pg/ml ascorbate was added 
to the culture medium every 3 days from day 7. The 
amounts of types I, II and XI col lagens were 
measured in the culture medium at each addit ion 
[Fig. 5(a)] and in the cell layer on days 8, 15 and 33 
[Fig. 5(b)]. The amounts of types II and XI 
col lagens ecreted per day into the culture medium 
were decreased on day 3 and remained relat ively 
constant  up to day 29 in either the presence or the 
absence of ascorbate. The main effect of ascorbate 
was a dramatic  increase in secret ion of type I 
col lagen into the culture medium, with a three- 
fold increase between days 12 and 29; after day 
29, decreased synthesis of all col lagen types was 
seen, which was more rapid in the presence of 
ascorbate. 
The amount  of col lagen in the cell layer 
corresponded to the difference between synthesis 
and degradat ion dur ing the whole course of the 
culture. The type II col lagen content  was h igher  in 
the presence of ascorbate and increased sl ightly 
between days 15 and 33, while the type XI col lagen 
content  remained constant  or decreased. The type 
I col lagen content  remained very low in the 
absence of ascorbate but increased dramat ica l ly  
with ascorbate, to 66% of the value for type II 
col lagen by day 33. 
Discuss ion  
We have examined the phenotypic  modulat ion of 
fetal bovine art icular  chondrocytes  grown in 
high-density culture in the presence or absence of 
ascorbate. By using direct measurement  of radio- 
labeled molecules and specific rad io immuno 
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assays, we have quantified types I, II, III, IX and XI 
collagens deposited in the cell layer and secreted 
into the culture medium with various culture 
conditions. 
As reported previously by Kuettner et al. [10-12] 
and Hering et al. [14] for pre-adult bovine articular 
chondrocytes in high-density culture, we noted an 
absence of proliferation of fetal chondrocytes 
without ascorbate and a stimulation of cell 
proliferation in the p~esence of ascorbate (twofold 
increase in cell number by day 14 relative to 
untreated culture). Peak synthesis of total and 
pepsin-resistant (collagen) proteins was observed 
on day 2, and then decreased gradually with time. 
In the presence of ascorbate, pepsin-resistant 
proteins were relatively more abundant and more 
retained in the cell layer. 
In order to study the relative rates of synthesis 
and the amounts of the different collagens present 
in the culture medium, the relative proportions of 
types I, II, III, IX and XI collagens were measured 
directly using SDS-PAGE, and the absolute 
amounts of types I, II and XI collagens were 
determined in specific radioimmunoassays. Be- 
cause these amounts in the cell layer corresponded 
to the difference between synthesis and degra- 
dation during the whole culture, they can be 
compared with the qualitative data obtained by 
immunohistochemistry [13]. 
The fetal bovine chondrocytes synthesized and 
deposited types II, IX and XI collagens typical of 
their cartilage phenotype throughout culture at 
high density [as analyzed up to 47 days in the 
culture medium and up to 33 days in the cell layer 
(Fig. 5)]. The expression of types II and XI collagens 
was closely correlated in the presence or absence 
of ascorbate. It is worth noting that type IX 
collagen was not detected in the culture medium. 
Partial dedifferentiation of the chondrocytes 
was demonstrated by the appearance of type I 
collagen, first in the culture medium and later in 
the cell layer. The change in collagen pattern was 
accelerated by the presence of ascorbate, as type I 
collagen was observed in the medium by day 2 and 
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FIG. 5. Contents of types II, XI and I collagens ynthesized by fetal bovine chondrocytes cultured with and without 
ascorbate, analyzed by radioimmunoassay. ( ) Daily variations in content of types II, XI and I collagens ecreted into 
culture medium (N= 3). (b) Contents of types II, XI and I collagens accumulated in cell layer after 8, 15 and 33 days 
of culture (N= 3) with [(+) filled bars] and without [(-) open bars] ascorbic acid from day 7. 
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its content in the cell layer reached 66% of the type 
IX collagen content by day 33. These quantitative 
data confirm our qualitative analysis of the cell 
layer by immunohistochemistry with antibodies to 
types I, II, IX and XI collagens [13]. From these 
previous results, we can rule out the possibility 
that the increase in type I collagens ynthesis over 
time was due to a gradual overgrowth of 
fibroblasts at the expense of chondrocytes. Indeed, 
under the experimental conditions used in this 
study, with no or low increase in cell number, 
immunostaining showed that after 5 days no label 
was observed with antibodies against type I 
collagen whereas after 1 month all the cells were 
labeled with both antibodies to type I and type II 
collagens. Furthermore we have shown (Ronziere 
et al., unpublished result) that addition of 
dihydrocytochalasin B specifically inhibited the 
type I collagen synthesis as previously described 
[8, 9] with rabbit chondrocytes under different 
culture conditions. 
Interestingly, type III collagen was detected 
from the beginning of the culture and was 
essentially secreted into the culture medium. Its 
content in the cell layer remained low and 
constant with time in absence of ascorbate and 
increased to threefold by day 12 in the presence 
of ascorbate. These data are in good accordance 
with the results of Kuettner et al. [10-11] who 
reported the synthesis of type III collagen by 
bovine chondrocytes after 2 days and its predom- 
inance in the culture medium. As type III 
collagen has now been detected in normal 
human adult cartilage by biochemical and 
immunohistochemical techniques [42, 43], and as 
we [44] recently showed that this collagen is 
synthesized in organ cultures of fetal bovine 
cartilage, it would appear that its co-expression 
with type II collagen is not restricted to 
chondrocytes in certain locations in osteo- 
arthritic cartilage [45,46]. In our system of 
fetal bovine chondrocytes in high-density cul- 
ture, however, partial dedifferentiation or 
phenotypic modulation is associated with in- 
creased synthesis of both types I and III 
collagens and decreased synthesis of types II, IX 
and XI. 
After about one month in culture a progressive 
decrease in the synthesis of all collagens was 
observed. 
In conclusion, high-density culture of fetal 
bovine chondrocytes with immunohistochemical 
and qualitative and quantitative biochemical 
determinations of the synthesis of the different 
types of collagen represents a valuable tool for 
investigating the potential effects of agents such 
as vitamins, hormones and growth factors on the 
phenotypic modulation of chondrocytes. 
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